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了 TN 与 TP 的 SPARROW 模型。并且参考水污染防治行动计划(“水十条”)，进
行污染源管理情景设计，编写情景分析模块，分析 TN 与 TP 的变化。本研究所
构建的九龙江流域 SPARROW_TN 和 SPARROW_TP 模型对 TN 和 TP 有着较好
的模拟结果：R2达到 0.95 和 0.94，模拟的 TN、TP 负荷均在 90%置信度下的置
信区间内。研究发现 2014 年九龙江流域西溪和北溪所有河段中，TN达到优良(达
到或优于Ⅲ类)的比例为 7%，TP 达到优良的比例为 36%。氮污染源主要为化肥
施用(43%)、畜禽养殖(39%)和生活污水(18%)，磷污染主要来源为化肥施用(46%)、
畜禽养殖(46%)和工业污水(8%)。在不同子流域，污染物负荷、产率、污染物浓
度贡献和各污染源所占的比例不同。上游河段中，平均 58%的 TN、80%的 TP
被传输至河口。根据情景分析，在不考虑实际可行性的情况下，若以“水十条”
中所制定的要求为目标，即到 2020 年水质优良的河段比例占 70%以上，需要至





























Land use is the syndrome of human activities on land, and has important 
influence on river water quality. Researchers generally recognize that land use is 
related to non-point source (NPS) pollution. However, research seldom clarifies the 
essence of the analysis on the land use-water quality relationship, and rarely verifies 
whether point source (PS) pollution disturbs the results concerning the land use 
area-water quality relationship. Predicting water quality in ungauged reaches based on 
gauged reaches, analyzing the pollution sources and transportation, performing 
scenario analysis can help in land use and water resource management. 
This study takes advantage of article reviews, field monitoring, lab analysis, 
modeling, remote sensing and geographic information system techniques. First, we 
clarified that the essence of analyzing the land use-water quality relationship is 
exploring the impacts of land use activities on water quality. Land use causes both 
NPS and PS pollution. There are two types of variables to represent the land use 
induced pollution: 1) land use area and 2) pollution data. They have their own merits 
and demerits. Combining them can provide a better way to analyze land use-water 
quality relationship. Meanwhile, land use activities alter pollutant transportation. The 
variation of pollutant sources and transportation factors contribute to the 
non-stationary of the land use-water quality relationship. 
Second, we developed a Self-Organizing Map(SOM)-based approach to explore 
how land use affects water quality in the context of simultaneous PS pollution.  
Water samples from 139 headwater sub-watersheds in the Minjiang River Watershed 
were associated with six land use categories. Sampling sites were delineated into six 
clusters based on six water quality parameters: ammonium-N, nitrate-N, total nitrogen 
(TN), soluble reactive phosphate, total phosphorus (TP) and potassium permanganate 
index. Local relationships between land use and water quality among four clusters 
that have sufficient sample sizes were further identified. There is no significant land 
use-water quality correlation in one of the four clusters. This cluster includes 37 
sub-watersheds. And the greater the PS pollution is, the less significant the land 
use-water quality correlations are in clusters. The results demonstrate how PS 















determine whether non-point source or PS pollution exerts greater influence on the 
quality of the water coming from watershed. 
Third, we developed the SPAtially Referenced Regressions On Watershed 
Attributes (SPARROW) model to estimate sources, transport, and management 
strategies of TN and TP in the Jiulong River Watershed (JRW). We calibrated the 
model using data related to daily streamflow, monthly TN and TP concentrations in 
2014 at 24 locations. The model performed well, producing R
2
 values for TN and TP 
model 0.95 and 0.94. Uncertainties in the estimates lie in the 90% confidential 
interval. Simulation results show that TN mainly comes from fertilizer application 
(43%), livestock breeding (39%) and sewage discharge (18%), while TP mainly 
comes from livestock breeding (46%), fertilizer application (46%), and industrial 
discharge (8%) in the entire watershed. Pollution loads and the contribution of each 
source vary among sub-watersheds. It is estimated that 58% of the TN and 80% of the 
TP in upstream reaches are delivered to the outlets of north and west rivers. We also 
identified critical source areas in the JRW, which include Yanshi River, Wanan River 
and Huashan River sub-watersheds. Scenarios analysis was further coupled with 
SPARROW to develop watershed nutrient management implications. 85% of nitrogen 
and 50% of phosphorus in the JRW should be reduced to fulfill the requirement in 
“Action Plan for Preventing and Treatment of Water Pollution’, newly issued by the 
State Council. The requirement is that the reaches in the entire watershed which meet 
surface water class III standard should be more than 70% in 2020. If we keep the PS 
pollution the same, the optimized strategies to fulfill such requirement are to reduce 
90-95% of fertilizer application and 85% of livestock breeding concerning TN, and to 
reduce 55-60% of fertilizer application and 50% of livestock breeding concerning TP. 
Scenarios were also designed to evaluate the role of critical source area including 
Huashan River sub-watershed, and Shangban control unit delineated in the 13
th
 
Five-year Plan released by Ministry of Environmental Protection. Control of pollution 
in critical source area is efficient in improving water quality at reaches in the 
sub-watershed and downstream, while focusing only on the control unit cannot give 
significant improvement of water quality at the river control section. However, only 
controlling the pollution sources is not practicable. Increasing pollution decay during 
transportation is an important supplementary way to achieve our goal concerning the 
nutrients concentration. The SPARROW model can assist us to find strategies for 















In conclusion, we performed a deep study on the land use-water quality 
relationship, analyzed the TN and TP condition, explored quantity and allocation the 
nitrogen and phosphorus pollution sources in the JRW. The results can help in 
managing land use and water resources in watersheds.   
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制定的清洁水法案(Clean Water Act, CWA)；欧盟于2000年实施的水框架指令













(Foley et al., 2005, Jordan et al., 2014)。土地利用影响着河流中污染物的来源，如
化肥、粪便和城市污水。同时土地利用活动(如耕种和大坝建设)改变着陆源污染
物从源到河段出水口的传输过程(Gaddis et al., 2012, Henderson et al., 2014, Smith 
et al., 2013b)。随着人口的增长(图 1-1)，人类对食物以及居住地的需求增多。这
种需求的增多驱动着土地利用的变化，特别是农业用地增长以及城市扩张(FAO, 
2015, Foley et al., 2005)，继而导致过度营养盐通过陆域和水域传输至下游河流及
海湾、近海，成为引起水质恶化 (如富营养化及低氧现象 )的重要原因之一
(McLellan et al., 2014, Zhou et al., 2014, Zhou et al., 2015, USEPA, 2007)。联合国秘
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到 1997 的近 30 年，因人口和农业活动的增加，向长江输入的硝氮增加了十倍
以上(Yan et al., 2003)。因此，对来自土地利用的污染物管理对提升水质起着至关
重要的作用(Chiang et al., 2010, Liu et al., 2015, Smith et al., 1987, Yu et al., 2013)，
分析土地利用与水质间的关系成为流域管理中的一个重要问题(Tong and Chen, 
2002, Wan et al., 2014a)。 
 
图 1-1 世界人口趋势图  
Fig.1-1 Trend of world population 
数据来源：World Urbanization Prospects, the 2014 Revision (UN 2014) 
研究土地利用与水质间关系的方法众多，(1)一些学者对比以不同土地利用
类型为主的流域出口水质，并将水质的不同归因于不同流域内主要土地利用类型
的不同(Leon-Munoz et al., 2013, Meneses et al., 2015, Ngoye and Machiwa, 2004, 





al., 2014, Gardner and McGlynn, 2009, Hurley and Mazumder, 2013, Liu et al., 2015, 
Shen et al., 2015, Shen et al., 2014, Tong and Chen, 2002, Zhao et al., 2015)。(3)模型
模拟。该类方法按照是否基于污染物产生及传输的机理过程又分为统计型，如
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